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[573 ABSTRACT 

A logic circuit for outputting signals corresponding to 
an input signal depending on a clock signal sent from an 
external source includes at least one synchronous flip- 
flop being synchronized with the clock signal, so that 
the flip-flop latches the input signal, and a unit for con- 
trolling an input of the clock signal to the flip-flop based 
on a difference between logic levels of an output signal 
of the flip-flop and an input signal newly latched by the 
flip-flop. 

8 Claims, 3 Drawing Sheets 
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input signal depending on a clock signal sent from an 

LOW POWER SHIFT REGISTER CIRCUIT external, including: 

at least one synchronous flip-flop being synchronized 

BACKGROUND OF THE INVENTION with the clock signal, the fiip-flop for latching the input 

1. Field of the Invention 5 signal; and 

The present invention relates to a logic circuit which t * " mt I OT controlling an input of the clock signal to 

includes at least one synchronous flip-flop. ^ fll P- fl °P based on a difference between logic levels 

2. Description of the Related Art of ■» ° ut P ut *pal of the flip-flop and an input signal 
A four-bit shift register is known as one example of a in «wly latched by the flp-flop. 

CMOS (Complementary Metal-Oxide Semiconductor) 10 * °P"«ion , the controlling unit operates to control 
logic circuit including synchronous flip-flops which are * e £ lock mput from the external to the 
synchronized with dock signals. This four-bit shift « *f °P? °* f^f. ^ tW " n * e ? 0g1 ^ 
register is arranged to have four synchronous D-type ] ? vcl * of * e T^T^ «i r^J ^ ^.F^* T* 
flip-flops Fl, F2?F3 and F4. The flip-flops Fl, F2, F3 t< "f^*^ ^ched by the fhp-flop Preferably, when 
and F4 are sequentially connected to each other. That 15 J 0 * lo £ c 1 5 Vels ^ h ° ^ °T 
is, the flip-flop Fl is aerially connected to the flip-flop m to^nge their states the 
m Th+ ffT^fiV™ VI u ^JL7~icZ*Znv fi trJi" clock signal is prevented from being mput to the flip- 
s' f^S? II " !° S C S P "2 QP flops. It results in being able to reduce an idle current 
S V^SfPS? r t0 * e *F flo P flown through the internal circuit of the flip-flop, and to 
^S, . foursynchronous D-type flip-flops is 2Q lowcr ^ ^ wer OTnsumption . Further, the controlling 
connected to an inverter. The mverters supply a clock unit supply signal to each flip-flop 
signal to each flip-flop. In an initial state that each of the Hence, no inverter having a largVdriving capacity is 
flip-flops outputs a low-level signal, when a dato signal wqniwdf resulting m redu | mg a fl^ 
which is input to the flip-flop Fl rises to a high level at ^ h the mve £ er when th | clock ^ 1S reversed . 
first the flip-flop Fl latches the high-level data signal at 25 Furthcr objccts and of t £ prcsent mven _ 
the leading edge of the clock signal and outputs a high- tion ^ ^ apparent from the foUowmg description of 
level output signal HI. The fhp-flop F2 latches the the preferr ed Embodiments of the invention as Ulus- 
high-level signal HI sent by the flip-flop Fl at the next trated m ^ accompanying drawings . 
leading edge of the clock signal and outputs a high-level 

output signal H2. Likewise, the remaining flip-flops F3 ^ BRIEF DESCRIPTION OF THE DRAWINGS 

!?f F i *57 e *? ° UtpUt "^f^* out P ut FIG. 1 is a circuit diagram showing a typical inverter 

H3 and H4 in the same process as above. composed of a digital circuit of CMOS arrangement; 

Conversely when the data signal lowers to a low FIG. 2 is a timing chart showing an input signal; 

level, those flip-flops Fl to F4 serve to sequentially mG 3 is a circuit diagram showing a typical flip-flop 

output the low-level signals LI to L4 as being synchro- 35 c j rcu j t D f CMOS arrangement* 

nized with the clock signals. That is to say, the data FIG 4 is a circuit diagram' showing a shift register 

signal input to the flip-flop Fl is shifted to the next according to an embodiment of the present invention; 

flip-flops as being synchronized with each leading edge ^ 

of the clock signals so that the flip-flops Fl to F4 serve fig. 5^3 timing chart showing operation of the shift 

to output parallel signals in sequence. 40 register shown in FIG. 4. 

The aforementioned shift register is arranged to inev- 
itably receive a clock signal even when the data signal DESCRIPTION OF THE PREFERRED 
input to each flip-flop has the same logic level as the EMBODIMENTS 
output signal of each flip-flop, therefore, in the case that i^j order to give a help of understanding the present 
no flip-flops are required to change their states. The 45 invention, before describing the embodiments, a general 
clock signals input to the flip-flops result in charge and operation of a digital circuit will be described, 
discharge currents flowing in internal circuits of the fig. 1 shows a circuit diagram illustrating a typical 
flip-flops, which thereby consumes power. As such, the inverter composed of a digital circuit of a CMOS ar- 
logic circuit is arranged so that a clock signal is input to rangement, and FIG. 2 shows a timing chart of an exam- 
ine flip-flops of the logic circuit if not necessary, which 50 pie of an input signal. 

results in the idle current flowing in the logic circuit. The current consumed in the digital circuit of a 
The shift register needs an inverter arranged to have CMOS arrangement is, in large, divided into a through 
a CMOS transistor of a large driving capacity, for sup- current and a charge and discharge current. In the in- 
plying clock signals to the flip-flops Fl to F4 of the shift verter as shown in FIG. 1, for example, the through 
register. Such a CMOS transistor having a large driving 55 current means a current flowing between a power sup- 
capacity entails flow of a large through current in inter- ply and a grounding terminal GND when the two MOS 
nal circuits of the flip-flops when the clock signal is transistors Pch and Nch are switched on at the same 
reversed. It is another disadvantageous factor of in- time for quite a short time as a result of reversing the 
creasing the idle current, that is, of increasing the power input signal ("L (low)" to "H (high)** or "H" to "L") as 
consumption. 60 shown in FIG. 2. 

ctTvrvrATJv OT? tut? rvTLrrjKrrTrYKT The char 8 e ^ d discharge current means a current 

SUMMARY OF THE INVENTION flowing when a parasitic capacitance is charged or 

It is therefore an object of the present invention to discharged between a gate electrode of the MOS tran- 
provide a logic circuit which is capable of lowering the sistor and the other electrode. It is also generated de- 
power consumption by means of reducing an idle cur- 65 pending on the change of the electric potential of the 
rent flowing through the logic circuit. input signal. 

The object of the invention can be achieved by a FIG. 3 shows an example of a flip-flop circuit of a 

logic circuit for outputting signals corresponding to an CMOS arrangement. 
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As shown in FIG. 3, in this circuit, when an input Hence, the clock signal, which has been reversed by the 
clock signal CLOCK is reversed as shown in FIG. 2 inverter 35 is, again, reversed as a clock signal CK1 by 
and the two MOS transistors 11 and 12 are switched on the NAND gate 51 and then is input to the flip-flop 31. 
at the same time for quite a short time, a through cur- As a result, the flip-flop 31 latches the high-level data 
rent IA which flows between a power supply and a 5 signal as being synchronized with a timing Tl corre- 
grounding terminal GND is generated. Also, when the spending to the first leading edge of the clock signal and 
two MOS transistors 13 and 14 are switched on at the then outputs the high-level output signal Ql. 
same time for quite a short time, a through current IB At the next timing T2 of the clock signal, the high- 

which flows between a power supply and a grounding level data signal continues to be input to the flip-flop 31. 
terminal GND is generated. Even if an input data signal 10 In this case, since the output signal Ql is at a high level, 
DATA does not change, since the signal CLOCK is the exclusive OR gate 61 outputs a low-level output 
reversed, charge and discharge currents flow for charg- signal Nl, Hence, the clock signal is blocked by the 
ing or discharging the parasitic capacitance of each of NAND gate 51, so that the clock signal is not supplied 
MOS transistors 21 to 28. to the flip-flop 31. That is, in the case that the output 

In this arrangement, even if the input data signal 15 signal Ql is at the same logic level as the new input data 
DATA does not change or it is not necessary to apply signal, the clock signal is blocked by the NAND gate 
the signal CLOCK to the flip-flop, when the signal 51, so that the clock signal is not allowed to be supplied 
CLOCK is reversed, the through current or the charge to the flip-flop 31. Hence, the flow of an idle charge and 
and discharge current flows as a result, thereby con- discharge current through an internal circuit of the 
sumes large currents. 20 flip-flop 31 is prevented as a result. 

The embodiments of the present invention are ar- The flip-flops 32 to 34 operate in the same manner, 
ranged to remove unnecessary reversing of the signal That is, each of the flip-flops 32 to 34 receives a data 
CLOCK, and the through current and the charge and signal at the data-signal input terminal D and outputs 
discharge current are suppressed to a minimum as a the corresponding signal of Q2 to Q4 having the same 
result. 25 logic level as the input data signal. However, in case 

An embodiment of the present invention will be de- that the newly input data signal has the same logic level 
scribed in detail with reference to FIGS. 4 and 5. as the output signal of the flip-flop, the exclusive OR 

FIG. 4 shows a four-bit shift register of a CMOS gates 62, 63, 64 serve to respectively output the corre- 
arrangement according to an embodiment of the inven- sponding low-level output signals N2, N3, N4. Hence, 
tion. 30 the clock signal is blocked by the NAND gates 52, 53, 

This shift register is configured to have four synchro- 54. As a result, the flow of an idle charge and discharge 
nous flip-flops 31, 32, 33, 34 which are synchronized current through the internal circuit of each flip-flop is 
with clock signals, NAND gates 51, 52, 53, 54 and ex- prevented. 

elusive OR gates 61, 62, 63, 64. Each flip flop provides The shaft register has another advantage of reducing 

a combination circuit including one exclusive OR gate 35 the current consumption. In this shift register, clock 
and one NAND circuit. signals CK1 to CK4 are respectively supplied from the 

The two inputs of the exclusive OR gate 61 are re- NAND gates 51, 52, 53, 54 to the flip-flops 31 to 34. 
spectively connected to a data signal terminal and an Unlike the typical shift register described above, no 
output terminal. The output of the exclusive OR gate 61 inverter is required for supplying clock signals to a lot 
is connected to one of the input terminals of the NAND 40 of flip-flops. As a result, the through current in the 
gate 51. The other input terminal of the NAND gate 51 CMOS transistor composing the inverter is eliminated 
is connected to an output terminal of an inverter 35 for when the clock signal is reversed, 
supplying a clock signal. The output terminal of the The foregoing embodiment has been described with 
NAND gate 51 is connected to a clock-signal input respect to the logic circuit including four synchronous 
terminal CKT of the flip-flop 31. 45 flip-flops, four NAND gates and four exclusive OR 

The other combination circuits employ the same gates, however, the number of the flip-flops; the 
arrangement. That is to say, each one input of the exclu- NAND gates and the exclusive OR gates is not limited 
sive OR gates 62, 63, 64 is connected to each data-signal by four. As the number of the flip-flops, the NAND 
input terminal D of the flip-flops 32, 33, 34. Each of the gates and the exclusive OR gates, one, two, three or N, 
other inputs of the exclusive OR gates 62, 63, 64 is 50 which is a number larger than four, can be taken, 
connected to each of the output terminals Q of the Many widely different embodiments of the present 

flip-flops 32, 33, 34. Each of the outputs of the exclusive invention may be constructed without departing from 
OR gates 62, 63, 64 is connected to each one input of the the spirit and scope of the present invention. It should 
NAND gates 52, 53, 54. Each of the other inputs of the be understood that the present invention is not limited 
NAND gates 52, 53, 54 is connected together to the 55 to the specific embodiments described in the specifica- 
output of the inverter 35. The outputs of the NAND tion, except as defined in the appended claims, 
gates 52, 53, 54 are respectively connected to the clock- What is claimed is: 

signal input terminals CKT of the flip-flops 32, 33, 34. 1. A low power shift register circuit for outputting 

In turn, the description will be directed to the opera- signals corresponding to an input signal according to a 
tion of the logic circuit with reference to a timing chart 60 clock signal supplied thereto, comprising: 
of FIG. 5. a plurality of flip-flops connected in cascade, each of 

As shown in FIG. 5, in the timing chart, it is assumed said flip-flops having a data input terminal for re- 

that the output signals Ql, Q2, Q3, Q4 of the flip-flops ceiving a data signal, said input signal being sup- 

31, 32, 33, 34 stay at a low level. When a high-level data plied to a data input terminal of one of said flip- 

signal is input to the flip-flop 31, the exclusive OR gate 65 flops at a first stage and data input terminals of the 
61 serves to supply a high-level output signal Nl to the other of said flip-flops receiving output signals 

NAND gate 51, because the two signals input to the from a previous one of said flip-flops respectively, 

exclusive OR gate 61 stay at different logic levels. each of said flip-flops latching data on the data 
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input terminal in synchronous with the clock signal 
supplied thereto; and 
a plurality of clock controlling means, each of said 
clock controlling means connected to receive said 
clock signal for controlling an input of said clock 5 
signal to respective ones of said flip-flops based on 
a difference between logic levels of the output 
signals of said respective ones of said flip-flops and 
said data signal applied to the data input terminal of 
said respective ones of said flip-flops so as to pre- 10 
vent the clock signal from being input in a case that 
the applied data is equal to the level of the output 
signals and save power consumption, each of said 
clock controlling means includes first gate means 
connected to receive said clock signal for selec- 15 
tively passing said clock signal, so that said clock 
signal is supplied to said respective ones of said 
flip-flops through said first gate means without an 
inverter being required for supplying the clock 
signal to said flip-flops. 

2. A low power shift register circuit according to 
claim 1 wherein each of said controlling means includes 

second gate means connected to receive the output 
signals of said respective ones of said flip-flops and 2J 
data applied to the data input terminal of said re- 
spective ones of said flip-flops for generating a 
control signal to open said first gate means when 
the data applied to said data input terminal is differ- 
ent from the levels of the output signals. ^ 

3. A low power shift register circuit according to 
claim 2, wherein said first gate means includes a NAND 
gate having two inputs and one output, and 

said second gate means includes an exclusive OR gate 
having two inputs and one output. 33 

4. A low power shift register circuit according to 
claim 3, wherein said two inputs of said exclusive OR 
gate are respectively connected to receive data applied 
to said respective one of said flip-flops and the output 
signal of said respective one of said flip-flops, said two 40 
inputs of said NAND gate are respectively connected 

to receive said output of said exclusive OR gate and said 
clock signal, and said output of said NAND gate is 
connected to a clock input terminal of said respective 
one of said flip-flops. 45 

5. A low power shift register circuit receiving an 
input signal and a clock signal for outputting an output 
signal synchronized with said clock signal, comprising: 



a plurality of flip-flops connected in cascade, each 
having 

a data input terminal, 

a data output terminal for providing said output 
signal, and 

a controlled clock signal terminal for receiving a 
controlled clock signal, the data input terminal 
of a first stage of said flip-flops receives said 
input signal, the data input terminal of the other 
of said flip-flops is connected to the data output 
terminal of the previous one of said flip-flops; 
and 

a plurality of clock controlling means corresponding 
to said flip-flops for supplying said controlled clock 
signals to said controlled clock signal terminals 
respectively, each of said clock controlling means 
having two input terminals respectively connected 
to the data output terminals of the corresponding 
one of said flip-flops, a clock receiving terminal 
receiving said clock signal, an output terminal con- 
nected to the controlled clock signal terminal of 
said one of said flip-flops for outputting the con- 
trolled clock signal when a logic level of said data 
input terminal of said one of said flip-flops is differ- 
ent from a logic level of said data output terminal 
of said one of said flip-flops. 

6. A low power shift register circuit according to 
claim 5, wherein each of said clock controlling means 
further includes, 

first gate means having two input terminals acting as 
the two input terminals of said clock controlling 
means and an output terminal being connected to 
one of two input terminals of second gate means, 
and 

said second gate means, having another of the two 
input terminals acting as the clock receiving termi- 
nal of said clock controlling means and an output 
terminal acting as the output terminal of said clock 
controlling means. 

7. A low power shift register circuit according to 
claim 6, wherein said first gate means includes an exclu- 
sive OR gate, and said second means includes a NAND 
gate. 

8. A low power shift register circuit according to 
claim 6, wherein the shift register circuit outputs a plu- 
rality of parallel output signals synchronized with said 
clock signal. 
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